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UAH SURFACE SCIENCE LABORATORIES 
The Surface Science Labora tor ies  a t  t he  U n i v e r s i t y  o f  Alabama 
i n  H u n t s v i l l e  (UAH) a r e  equipped w i t h  x- ray photoe lec t ron  
spectroscopy (XPS o r  ESCA) and Auger e l e c t r o n  spectroscopy (AES) 
f a c i l i t i e s .  These techniques prov ide  i n fo rma t ion  f rom the  upper- 
most atomic l a y e r s  o f  a sample, and a r e  thus t r u l y  sur face sen- 
s i  t i v e .  
The XPS inst rument  is a Perkin-Elmer 5400 system. XPS p r o v i -  
des bo th  elemental  and chemical s t a t e  i n fo rma t ion  w i t h o u t  
r e s t r i c t i o n  on t h e  type o f  m a t e r i a l  t h a t  can be analyzed. The 
sample (up t o  0.75 i n c h  i n  s i ze )  i s  p laced i n t o  an u l t r a  h i g h  
vacuum (UHV) chamber and i r r a d i a t e d  w i t h  x-rays which cause t h e  
e j e c t i o n  o f  photoe lec t rons  from the  sample surface. MgKa and 
AlKa a r e  t h e  standard sources a v a i l a b l e  on the  5400 system, b u t  
a Z r  La anode may a l s o  be used on the  UAH instrument. 
k i n e t i c  energy o f  these emi t ted  e lec t rons  i s  c h a r a c t e r i s t i c  o f  
t he  elements f rom which they were e jected,  the  p o s i t i o n  and 
i n t e n s i t y  o f  t he  peaks i n  an energy spectrum prov ide  the  des i red  
a n a l y t i c a l  in format ion.  The chemical s t a t e  o f  an atom a l t e r s  the  
b i n d i n g  energy of a photoe lec t ron  and thus i t s  emi t ted  k i n e t i c  
energy. Thus, bonding i n fo rma t ion  i s  der i vab le  f rom these chemi- 
ca l  s h i f t s  and a l s o  f rom the  shapes o f  the  peaks. 
do n o t  normal ly  cause charg ing problems o r  beam damage, XPS i s  
Since t h e  
Since x-rays 
appl i c a b l e  t o  a wide range o f  samples i n c l u d i n g  meta 
c a t a l y s t s  and f ibers .  Samples can be analyzed t o  as 





The AES inst rument  i s  a Kratos A n a l y t i c a l  XSAM 800 system. 
AES uses a beam o f  h i g h  energy e lec t rons  as a sur face probe. 
Fol lowing e l e c t r o n i c  rearrangements w i t h i n  e x c i t e d  atoms by 
t h i s  probe, Auger e l e c t r o n s  c h a r a c t e r i s t i c  o f  each element 
present  a r e  emi t ted  f rom t h e  sample. As i n  the  case o f  t h e  x-ray 
photoelectrons, o n l y  those Auger e lec t rons  which emerge from t h e  
topmost atomic l a y e r s  c o n t r i b u t e  t o  the  spectrum, hence t h e  h i g h  
sur face s p e c i f i c i t y  of t h i s  technique. AES de tec ts  a l l  elements 
o ther  than hydrogen and hel ium u s u a l l y  t o  a s e n s i t i v i t y  b e t t e r  
than 1 atom percent  o f  a monolayer. The e l e c t r o n  gun on t h e  UAH 
XSAM can be focused t o  produce a beam o f  diameter lOOOA, a l l o w i n g  
h i g h  s p a t i a l  r e s o l u t i o n  analyses, otherwise known as scanning 
Auger microscopy (SAM), t o  be performed. On the  r a s t e r i n g  o f  
t h i s  beam synchronously w i t h  a v ideo d i s p l a y  us ing es tab l i shed 
scanning e l e c t r o n  microscopy techniques, phys ica l  images and che- 
mica l  d i s t r i b u t i o n  maps o f  t h e  sur face can be produced. Thus 
very small  features,  such as e l e c t r o n i c  c i r c u i t  elements o r  
cor ros ion  p i t s  i n  metals,  can be invest igated.  
F a c i l i t i e s  a r e  a v a i l a b l e  on both XPS and AES instruments f o r  
d e p t h - p r o f i l i n g  o f  m a t e r i a l s ,  us ing a beam o f  argon ions  t o  
s p u t t e r  away consecut ive l a y e r s  of m a t e r i a l  t o  reveal  sub-surface 
(and even semi-bulk) analyses. Genera l ly ,  AES i s  the  p r e f e r a b l e  
technique for  such work, s ince i t s  s p a t i a l  r e s o l u t i o n  c a p a c i t y  i s  
much b e t t e r  . 
For f u r t h e r  in format ion  on f a c i l i t i e s  a v a i l a b l e  a t  t h e  UAH 
Surface Science Labora tor ies  contact  Dr. J.C. Gregory a t  895-6028 
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ANALYSIS OF FRACTURED STRUT SAMPLE 
A sample was prov ided f o r  XPS and AES a n a l y s i s  by I l m a r s  D a l i n s  o f  
t h e  NASA Marshal l  Space F l i g h t  Center i n  H u n t s v i l l e ,  Alabama. 
The sample cons is ted  o f  a small ,  r e c e n t l y  exposed f r a c t u r e d  sur- 
face (sh iny)  and a l a r g e r  f r a c t u r e d  sur face t h a t  had been exposed t o  
h igh  temperatures (darkened). 
I t  was thought t h a t  t h e  sh iny sur face should have a r e l a t i v e l y  
t h i n  ox ide l a y e r  a t  i t s  surface, w h i l e  t h e  ox ide on t h e  darkened sur-  
face was thought t o  be 2 1 pm th ick .  The darkening was thought due t o  
Cr2O3 l a y e r  presence a t  t h e  surface. 
Ana lys is  was performed a t  UAH t o  determine sur face species pre-  
sent, and ox ide pr imary cons t i tuents ,  us ing both XPS and AES. Various 
areas on t h e  sample were i d e n t i f i e d  f o r  analys is ,  these being shown as 
A-E i n  F igure  1. 
1 
TECHNIQUES USED: XPS 
Mg Ka r a d i a t i o n  (hv = 1253.6) was used throughout f o r  XPS analy-  
s i s .  
Unless s p e c i f i c a l l y  noted w i t h i n  t h e  t e x t ,  survey scans are  
requ i red  us ing  an analyzer  pass energy o f  89.45 eV, w h i l e  m u l t i p l e x  
scans a r e  r e q u i r e d  us ing  an analyzer  pass energy o f  35.75 eV. 
Analys is  i s  g e n e r a l l y  conducted i n  the  " l a r g e  aper tu re"  mode, 1.e. t h e  
energy analyzer  i s  accept ing e lec t rons  from an area o f  1.1 mn2, w h i l e  
samples a r e  analyzed a t  an angle o f  45'. 
Typ ica l  spectrometer opera t ing  s p e c i f i c a t i o n s  inc lude:  
Pressure: 10-9 T o r r  
X-ray anode power: 300 wat ts  
I o n  gun condi t ions:  4 KV, 79% focus, 25mA 
TECHNIQUES USED: AES 
A 10 KV e l e c t r o n  beam was used throughout f o r  AES analys is .  
Unless s p e c i f i c a l l y  noted w i t h i n  t h i s  t e x t ,  spectra a r e  acqu i red  
w i t h  t h e  energy analyzer  i n  t h e  h igher  m a g n i f i c a t i o n  mode, w i t h  a 
r e t a r d  r a t i o  o f  10.60 (analyzer  mode FRR). 
Where poss ib le ,  analyses a r e  acqui red i n  the  h ighes t  r e s o l u t i o n  
(1000 A)  mode. 
2 
XPS RESULTS 
1) Fresh f r a c t u r e  (Area A 1  
The survey spectrum f o r  t h i s  area can be seen i n  F igure  X2. 
P r i n c i p a l  elements recorded a r e  carbon (284 eV), oxygen (532 eV) and 
s i l i c o n  (100 and 150 eV) - elements such as i ron ,  chromium and n i c k e l  
a r e  l e s s  s t r o n g l y  present ,  s ince  they a re  below the  l e v e l  o f  sur face 
being analyzed. 
F igu re  X3 - X22 d i s p l a y  the  h igher  r e s o l u t i o n  m u l t i p l e x  scans f o r  
elements C, 0, S i ,  N, Na, C1, P, S, Cr, N i ,  Mo, Nb, Ta, T i ,  A1 Co, 
B, Cu, Fe, and Mn. 
From these spectra,  r e l a t i v e  atomic concentrat ions were c a l c u l a t e d  
and a r e  shown i n  Table 1. 
2) Temperature-exposed f r a c t u r e  (Area B) 
The survey spectrum f o r  t h i s  area can be seen F igu re  23. 
P r i n c i p a l  elements recorded a r e  carbon, oxygen, s i l i c o n ,  and n i c k e l  
(840 eV). F igures  X24-X43 d i s p l a y  the  h igher  r e s o l u t i o n  m u l t i p l e x  
scans f o r  t he  elements as l i s t e d  p rev ious l y  (1). Notable d i f f e r e n c e s  
from Area A inc luded the  s t rong presence o f  n i c k e l ,  together  w i t h  
smal le r  concent ra t ions  o f  Nb and Cu and t r a c e  presence o f  C r ,  Mo, A1 
and Cu. 
From these spectra,  r e l a t i v e  atomic concentrat ions were c a l c u l a t e d  
and a r e  shown i n  Table 2. 
3 
. 











N i  2p 
Mo 3d 
Nb 3d 
Ta 4 f  

















4 . 044 
3.321 
2.921 

















N I S  






N i  2p 
Mo 3d 
Nb 3d 
Ta 4 f  








T a b l e  2 Atomic Concentrat ions (Area B)  
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tr = t r a c e  
3) Temperature-exposed f r a c t u r e  (Area Cy 
The survey spec t ra  f o r  t h i s  area can be seen i n  F igure  X44. 
P r i n c i p a l  elements recorded a r e  carbon, oxygen, s i l i c o n ,  n i c k e l ,  chro- 
mium and p o s s i b l y  copper. 
F igures X45-X64 d i s p l a y  the  h igher  r e s o l u t i o n  m u l t i p l e x  scans f o r  
t he  elements as l i s t e d  p r e v i o u s l y  (1 ) .  Notable d i f f e reneces  f rom Area 
A i nc lude  t h e  s t rong presence o f  N i ,  Cr, Nb and Cu and t r a c e  con- 
c e n t r a t i o n s  o f  T i ,  A1 Mn and Co. 
From these spectra,  r e l a t i v e  atomic concentrat ions were ca l cu la ted  
and a r e  shown i n  Table 3. 
4 )  Temperature-exposed f r a c t u r e  (Area D) 
The survey spec t ra  f o r  t h i s  area can be seen i n  F igure  X65. 
P r i n c i p a l  elements recorded a r e  carbon, oxygen, s i l i c o n ,  n i c k e l  and 
copper. 
F igure  X66-X85 d i s p l a y  the  h igher  r e s o l u t i o n  m u l t i p l e x  scans f o r  
the  elements as l i s t e d  p rev ious l y  (1). 
A i nc lude  the  s t rong presence o f  N i  and Cu, and t r a c e  concent ra t ions  
o f  S, C r ,  T i ,  A1 and Mn. 
Notable d i f f e r e n c e s  f r o m  Area 
From these spectra,  r e l a t i v e  atomic concentrat ions were c a l c u l a t e d  
and a r e  shown i n  Table 4. 
5) Temperature-exposed f r a c t u r e  (Area E) 
The survey spec t ra  f o r  t h i s  area can be seen i n  F igure  X86. 
P r i n c i p a l  elements recorded a r e  carbon, oxygen, s i l i c o n ,  n i c k e l ,  chro- 
mium and copper. 
F igures  X87-X106 d i s p l a y  the  h igher  r e s o l u t i o n  m u l t i p l e x  scans f o r  
t he  elements as l i s t e d  p rev ious l y  ( 1 ) .  Notable d i f f e r e n c e s  from Area 
4 
A i n c l u d e  t h e  s t rong presence o f  N i ,  C r ,  and Cu, and t r a c e  con- 
c e n t r a t i o n s  o f  niobium. 
From these Spectra, r e l a t i v e  atomic concentrat ions were ca lcu la ted  
and a r e  shown i n  Table 5. 
- N.B. F igure  X107 shows a m u l t i p l e x  scan f o r  t h e  Pb 4 f  l i n e .  This  
appears i n  t h e  same area as phosphorous (Zp), b u t  i s  present  as a 
w ide ly  spaced doublet. There appears t o  be (S 0.4%) lead presence i s  
a contaminant i n  a l l  areas except A. Thus t h i s  could have occurred as 
a r e s u l t  o f  t h e  heat ing  process. ( u n l i k e  the  s i l i c o n  contaminat ion 
which i s  present  on a l l  areas, probably o r i g i n a t i n g  from t h e  c u t t i n g  
process) . 
5 
For ease o f  comparison, atomic percentages from the  d i f f e r e n t  
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Due t o  t h e  increased r e s o l u t i o n  a v a i l a b l e  us ing AES, t h i s  tech- 
nique was p r i m a r i l y  used f o r  elemental mapping and p r o f i l i n g  t o  de ter -  
mine r e l a t i v e  d i s t r i b u t i o n s  present i n  the  sample. Unfor tunate ly  the  
h igh  degree o f  sur face roughness on t h e  f r a c t u r e  sample caused a 
severe decrease i n  s i g n a l  i n t e n s i t y  a v a i l a b l e  p a r t i c u l a r l y  f o r  sur face 
a n a l y s i s  (as was t h e  case w i t h  XPS), causing a c q u i s i t i o n  t ime t o  be 
lengthened. Furthermore, s ince i d e a l  s p u t t e r  p r o f i l i n g  should 
i n v o l v e  t h e  p r o f i l i n g  i o n  beam and the  analyz ing e l e c t r o n  beam t o  be 
a t  t h e  same p o i n t  on t h e  sample, sur face roughness can again i n t e r -  
fere.  
A s i m i l a r  approach was adopted as t h a t  f o r  XPS, w i t h  f i v e  areas 
i d e n t i f i e d  o f  i n t e r e s t .  
separate inst rumentat ion,  i d e n t i c a l  areas could n o t  be se lected)  . 
(Since XPS and AES a n a l y s i s  was performed i n  
1) Fresh f r a c t u r e  (Area A) 
Th is  area appeared considerably  l e s s  rough than o ther  areas on t h e  
sample. The micrograph i n  F igure  A 1  i s  o f  m a g n i f i c a t i o n  x100. 
The survey spect ra f o r  t h i s  reg ion  i s  shown i n  F igure A2, w i t h  
carbon (270), oxygen (505) and s i l i c o n  (1615) showing s t rongly .  
Higher r e s o l u t i o n  scans a r e  shown i n  F igures A3 (carbon), A4 (oxygen & 
chromium) , A5 (oxygen d i f f e r e n t i a t e d ) ,  A6 ( n i c k e l  & i r o n ) ,  A7 ( n i c k e l  
d i f f e r e n t i a t e d )  and A8 ( s i l i c o n ) .  
7 
This  area was then p r o f i l e d  us ing  a 3kV A r +  i o n  beam, s e t  t o  l a r g e  
s i z e  and ras ter .  Th i s  produced a r e l a t i v e l y  small sur face e tch  ra te .  
The r e s u l t s  o f  approx imate ly  350A m a t e r i a l  removed a r e  shown i n  
F igures A9 - A12. These a re  o v e r l a i d  spect ra f o r  carbon, oxygen & 
chromium, n i c k e l  & i r o n  and s i l i c o n .  For ease o f  comparison, the  
spect ra f o l l o w i n g  s p u t t e r i n g  f o r  oxygen/chromium and n i c k e l  / i r o n  a re  
shown i n  N(E) form i n  F igures A13 and A14, and i n  d i f f e r e n t i a t e d  form 
i n  F igures A15 and A16. The increase o f  r e l a t i v e  amounts o f  chromium 
(525 and 489 eV), n i c k e l  (848, 775 and 716 eV) and i r o n  (703 and 651 
eV) can be seen. 
The survey spectrum f o r  t h i s  area f o l l o w i n g  s p u t t e r i n g  i s  shown i n  
F igure  A17 ( d i f f e r e n t i a t e d  form F igure  A17A), which shows t h e  inc rease 
i n  m e t a l l i c  species present.  
The micrograph i n  F igure  A1A i s  x200 magn i f i ca t ion .  Th is  was used 
f o r  elemental  mapping. Maps f o r  oxygen, chromium, n i c k e l ,  and i r o n  
a r e  shown i n  F igures  A18 - A21. 
2) Temperature-exposed f r a c t u r e  (Area E) 
The rougher na ture  o f  t h i s  sur face can be seen i n  F igures A22 and 
A23, micrographs o f  x l 0 0  and x200 magn i f i ca t ion .  
The survey spect ra f o r  t h i s  area can be seen i n  F igure  A24. 
Higher r e s o l u t i o n  scans a re  a l s o  shown f o r  carbon (A25), oxygen & 
chromium (A26), n i c k e l  & i r o n  (A27), and s i l i c o n  (A28). 
8 
D i f f e r e n t i a t e d  forms o f  oxygen 81 chromium and n i c k e l  i3 i r o n  a r e  shown 
i n  F igures A29 and A30. 
3) Temperature-exposed f r a c t u r e  (Area C) 
E lec t ron  micrographs o f  t h i s  area a r e  shown i n  F igures A31 (x100) 
and A32 (x200). 
The survey spectrum f o r  t h i s  area can be seen i n  F igure  A33. 
Higher r e s o l u t i o n  scans a re  a l s o  shown f o r  carbon (A34), oxygen i3 
chromium (A35), n i c k e l  i3 i r o n  (A36) and s i l i c o n  (A37). 
forms of oxygen & chromium and n i c k e l  i3 i r o n  a re  shown i n  F igures  A38 
and A39. 
D i f f e r e n t i a t e d  
4) Temperature-exposed f r a c t u r e  (Area D) 
E l e c t r o n  micrographs o f  t h i s  area a re  shown i n  F igures A40 (x100) 
and A41 (x200). 
The survey spectrum f o r  t h i s  a r e a  can be seen i n  F igure  A42. 
Higher r e s o l u t i o n  scans a r e  a l s o  shown f o r  carbon (A43), oxygen i3 
chromium (A44), n i c k e l  i3 i r o n  (A45) and s i l i c o n  (A46). 
forms o f  oxygen & chromium and n i c k e l  i3 i r o n  a re  shown i n  F igures A47 
and A48. 
D i f f e r e n t i a t e d  
5) Temperature-exposed f r a c t u r e  (Area E) 
An e l e c t r o n  micrograph o f  t h i s  area i s  shown i n  F igure  A49 
(magn i f i ca t i on  x200). 
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The survey spectrum f o r  t h i s  area i s  shown i n  F igure  A50, showing 
predominant ly oxygen b u t  some n icke l .  Higher r e s o l u t i o n  scans a r e  
shown f o r  carbon (F igure A51), oxygen & chromium (A52), n i c k e l  & i r o n  
(A53) and s i l i c o n  (A54). D i f f e r e n t i a t e d  forms f o r  oxygen & chromium 
and n i c k e l  & i r o n  a r e  a l s o  shown i n  F igures A55 and A56. 
Th is  area was sput te red  us ing  s i m i l a r  beam cond i t i ons  as those 
used i n  (1). R e l a t i v e  changes i n  spect ra can be seen f o r  carbon, oxy- 
gen & chromium, n i c k e l  & i r o n  and s i l i c o n  i n  F igures A57 - A60. 
ease o f  comparison, t he  spect ra f o l l o w i n g  s p u t t e r i n g  f o r  
oxygen/chromium and n i c k e l / i r o n  a re  shown i n  N(E) form i n  F igures  A61 
and A62, and i n  d i f f e r e n t i a t e d  form i n  F igures A63 and A64. The 
increase i n  r e l a t i v e  amounts of chroimium (525 and 489 eV), n i c k e l  
848, 775 and 716 eV) and i r o n  (703 and 651 eV) can be seen. 
For  
The survey spectrum f o r  t h i s  area f o l l o w i n g  s p u t t e r i n g  i s  shown i n  
F igure  A65, which shows the  increase i n  m e t a l l i c  species 
(predominant ly chromium) present. 
Concl u s i  ons 
Through XPS and AES ana lys is ,  i t  has been shown t h a t  t he  sur face 
o f  t he  sample conta ins  s i g n i f i c a n t  carbonaceous bu i ld -up  together  w i t h  
s i l i c o n  contaminat ion (probably  f rom the  c u t t i n g  o f  t he  sample) and 
p o s s i b l y  some lead contaminat ion ( o r i g i n  unknown). 
C lear  d i f f e r e n c e s  e x i s t  p h y s i c a l l y  and chemical ly  between the  
f r a c t u r e  and the  heat - t rea ted  f r a c t u r e ,  though v a r i a t i o n s  
10 
occur i n  t h e  l a t t e r  a n a l y s i s  pos i t i on .  Both forms o f  ana lys i s  show 
there  t o  be ve ry  l i t t l e  i r o n  a t  t he  surface; the  ox ide i s  
(predominant ly)  a m i x t u r e  of chromium and n i c k e l  oxides. Copper does 
appear f a i r l y  s t r o n g l y  i n  some analyses, as does niobium. 
Chemical maps produced can be s t r o n g l y  a f fec ted  by the  sur face 
roughness o f  a Sample; t he re fo re  some fea tures  shown may be due t o  
r a p i d l y  changing sample he igh t ,  a1 though topographica l  c o r r e c t i o n  
rou t i nes  a r e  designed t o  minimize such e f fec ts .  
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